Cross-synergistic interactions between components of the cellulase systems of
. It has been postulated that the endo-and exo-acting enzymes may form a ternary complex with the substrate and that hydrolysis of glycosidic linkages by the endo-acting enzyme provides chain ends from which the exo-acting enzyme removes celloboise units (Wood & McCrae, 1979) . This synergistic reaction is completed by the /3-glucosidases which convert the resultant celloboise to glucose. Cross-synergism, in which an endocellulase from one fungal culture filtrate and an exocellobiohydrolase from another catalyse extensive hydrolysis of crystalline cellulose, has also been observed (Wood, 1975) . However, not all endo-and exo-acting enzymes, even when from the same organism, display this synergistic interaction. We wish to further our understanding of the cellulase system from Talaromyces emersonii and of the factors that govern the synergistic behaviour discussed above. As a preliminary to these studies, we wished to determine whether the endoglucanase and exocellobiohydrolase components from culture filtrates of T. emersonii CBS814.70 could interact with their opposite numbers from Penicillium funiculosum, Trichoderma koningii and Fusarium solani so as to effect the hydrolysis of Avicel (a microcrystalline cellulose).
8-Glucosidase from F. solani was included in reaction mixtures in order to relieve the inhibition of cellulase activity that would result from the accumulation of cellobiose (see, e.g., Coughlan, 1985) . The extent of substrate hydrolysis was measured by determining the amounts of reducing sugar present in reaction mixture supernatants (Nelson, 1952) .
The results in Table 1 confirm earlier findings (McHale & Coughlan, 1980; Moloney et al., 1985) that the endoglucanase and exocellobiohydrolase components of T . emersonii do act synergistically in catalysing the breakdown of this substrate. Their combined actions, in the presence of @-glucosidase, produced 2.6 times the sum of the amounts of reducing sugar produced by the individual components under the same conditions. Much the same degree of synergism (a factor of 2.1) was observed when the exocellobiohydrolase was from T. emersonii and the endoglucanase was from F. solani or T. koningii.
The endoglucanase from T. emersonii also acted synergistically with the cellobiohydrolases from the other fungi, the degree of synergism depending on the source of the cellobiohydrolase. Indeed, the greatest value observed was that between the endoglucanase fraction of T. emersonii and the cellobiohydrolase from T. koningii. This combination plus the /3-glucosidase from F. solani yielded 4.8 times the sum of the reducing sugars produced by the individual components when acting separately.
The above results indicate that of all the combinations tested the greatest degree of synergism was that between the endoglucanase from T. emersonii and the cellobiohydrolase from T . koningii. In the context of Avicel hydrolysis, does this mean that the endoglucanase from T. emersonii forms a more effective complex with the cellobiohydrolase from T. koningii than with its own cellobiohydrolase? Whatever the underlying reasons for the experimental findings, it should be pointed out that whereas aliquots of the total Table 1 . Synergistic hydrolysis of cellulose by different combinations of endoglucanases and exocellobiohydrolases An aliquot of exocellobiohydrolase (500pg in the case of F. solani; 200pg in all other cases), 0.03 i.u. of P-glucosidase and 2.8 i.u. of endoglucanase were incubated with 50 mg of Avicel in 0.2 M-sodium acetate buffer, pH5 (final vol. 5 ml), for 24 h at 50°C in sealed tubes with shaking. The extent of substrate hydrolysis was determined by measuring the amount of reducing sugar in reaction mixture supernatants using the method of Nelson (1952 Carica papaya is the source of a number of commercially important enzymes. The uses of the crude mixture of enzymes include degradation of cereal storage proteins in beer, to prevent haze formation. Similary, degradation of myosin and other muscle proteins is dependent upon pre-slaughter injection of the crude enzyme into animals.
The main enzyme of the complex is chymopapain (EC 3.4.22.6) which may have several forms. Papain (EC.3.4.22.2) is in smaller quantities as is papaya proteinase A. Papain consists of 212 amino acids, has three disulphide bonds, a PI of 8.75 and an M, of 23 406; a crystal structure resolved to l.6A is available. Chymopapain has pl values of 10.1-10.7 and papaya proteinase A a PI of > 1 1.1. The M , of chymopapain has variously been described as 33000 to 25000. Separate forms of papaya proteinase A have been proposed (Schack, 1967; Lynn, 1979; Polgar, 1981 Polgar, , 1984 . The proponents of the separate forms have been named the protein proteinase B. However, the existence of papaya proteinase B has been challenged (Brockelhurst & Salih, 1983) and the protein could be a lysozyme-type molecule first reported in 1955 by Smith et al. and also by Baines & Brocklehurst (1982) . 
PAP7
PAP8 Fig. 1 . Demonstration of the specijkities of the two monoclonal antibodies to papaya proteinases (a) Acidic gel electrophoresis of papaya proteinases after separation by fast protein liquid chromatography. I , Papain; 2, papaya proteinase B; 3, chymopapain; 4, papaya proteinase A. (h) Western blotting of the acidic gel (a) and before staining with Coomassie Blue. The nitrocellulose blot is then reacted with monoclonal antibodies to papaya proteinase B (PAP 7) or papaya proteinase A (PAP 8).
